Little is known about the psychometric properties of depression instruments among persons infected with HIV. We analyzed data from a large sample of patients in usual care in two US cities (n 01467) using the nine-item Patient Health Questionnaire (PHQ-9) from the PRIME-MD. The PHQ-9 had curvilinear scaling properties and varying levels of measurement precision along the continuum of depression measured by the instrument. In our cohort, the scale showed a prominent floor effect and a distribution of scores across depression severity levels. Three items had differential item functioning (DIF) with respect to race (African-American vs. white); two had DIF with respect to sex; and one had DIF with respect to age. There was minimal individual-level DIF impact. Twenty percent of the difference in mean depression levels between African-Americans and whites was due to DIF. While standard scores for the PHQ-9 may be appropriate for use with individual HIV-infected patients in cross-sectional settings, these results suggest that investigations of depression across groups and within patients across time may require a more sophisticated analytic framework.
.
A test may be reliable and valid but not be tolerable to patients; acceptability is a third characteristic of tests that should be investigated. One study addressed acceptability in routine use in psychiatric practices (Duffy et al., 2008) .
A few recent studies have employed modern psychometric approaches to further characterize the PHQ-9 (Lamoureux et al., 2009; Williams et al., 2009) . Differences in observed scores across groups do not necessarily indicate bias, since mean levels of depression may vary across groups. However, when controlling for the underlying level of depression, group membership should be unrelated to specific item responses; the item should work the same way across groups. When that is not the case, the item is said to have differential item functioning (DIF; Camilli & Shepard, 1994) . DIF is a critical area of inquiry when scales are used with heterogeneous populations. Two studies have addressed whether the PHQ-9 may have item-level bias (DIF) related to race/ethnicity (Hepner, Morales, Hays, Edelen, & Miranda, 2008; Huang, Chung, Kroenke, Delucchi, & Spitzer, 2006) , but no other covariates were evaluated. One small study addressed DIF in older adults with vision problems, but its sample size was too small to make firm conclusions (Lamoureux et al., 2009) . There have been no evaluations of the PHQ-9 for DIF among patients infected with HIV.
To address these gaps in our knowledge about the PHQ-9, we sought to assess psychometric properties of this instrument among individuals infected with HIV who responded to this instrument as part of routine clinical care. We also sought to assess the PHQ-9 for DIF related to several covariates, and to determine whether all or a portion of observed differences in depression scores across groups may have been due to DIF.
Methods

Study setting
This cross-sectional study was conducted among a convenience sample of patients from the University of Alabama at Birmingham (UAB) 1917 HIV/AIDS Clinic and from the University of Washington (UW) Harborview Medical Center Madison HIV Clinic. UAB and UW are sites of the Centers for AIDS Research Network of Integrated Clinical Systems (CNICS), an initiative that captures a broad range of information on disease management through collection of point-of-care data across multiple academic cohorts engaged in the longitudinal care of patients with HIV/AIDS (Kitahata et al., 2008) . The Institutional Review Board reviewed and approved this study protocol at both sites.
Data sources
HIV-infected patients age 18 years or older who attended clinic for a routine appointment between September 2005 and April 2009 were eligible for the study. Patients complete assessments roughly every six months; however, only the first assessment for each patient is considered here. Patients used tablet PCs (UW) and wall-mounted personal computers with touch screens (UAB) to complete an assessment including measures of depression (PHQ-9 from the PRIME-MD; Kroenke et al., 2001; Spitzer et al., 1999) and drug use (Alcohol, Smoking, and Substance Involvement Screening Test; (Newcombe, Humeniuk, & Ali, 2005) . As previously described (Crane et al., 2008a , we used web-based survey software developed specifically for patient-based measures to facilitate capture of patient-based assessments in real-time during routine care visits. Data were also obtained from the CNICS data repository which integrates comprehensive clinical data on the CNICS cohort from all outpatient and inpatient encounters including demographic, clinical, and socioeconomic information (Kitahata et al., 2008) .
The nine-item Patient Health Questionnaire (PHQ-9)
The items of this scale correspond to the features of depression enumerated in the Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association. Task Force on DSM-IV, 1994). The nine depression symptom items share a common stem: ''Over the past two weeks, how often have you been bothered by any of the following problems?'' The items share a common set of response options: 0, ''Not at all''; 1, ''Several days''; 2, ''More than half the days''; and 3, ''Nearly every day.'' The content of the PHQ-9 items is shown in the left column of Table 2 .
Psychometric analyses: dimensionality
We addressed dimensionality using a combination of exploratory factor analyses (EFA) and confirmatory factor analyses (CFA) (Lai, Crane, & Cella, 2006; Reeve et al., 2007) . We evaluated the ratio between Eigen values for the first and second factor in EFA. We evaluated model fit and item loadings with a single factor CFA. We used model-based modification indices and clinical intuition to guide us regarding residual correlations to include in a modified AIDS Care 875 single factor CFA. We evaluated model fit for this modified single factor model and compared the magnitude of the loadings for the two CFA models.
Psychometric analyses: test characteristic curve (TCC) and test information curve (TIC)
We used Parscale for item response theory (IRT) analyses (Muraki & Bock, 2003) . IRT assumes a single underlying [latent] trait is responsible for the observed correlations across responses to the items of the PHQ-9. In this paper we refer to that trait as the ''level of depression.'' We used the graded response IRT model for the ordinal response data of the PHQ-9 (Samejima, 1969 (Samejima, , 1997 .
We plotted the test characteristic curve (TCC), which shows the relationship of the standard total score on the Y-axis to the level of depression measured by the test on the X-axis. A linear TCC implies equal scaling across all total PHQ-9 scores. We plotted the test information curve (TIC) and the standard error of measurement (SEM) (Mungas, Reed, Marshall, & Gonzalez, 2000) . The TIC shows the amount of measurement precision at each depression level. This is somewhat analogous to Cronbach's alpha, though the TIC shows the level of reliability at all levels of depression rather than summarizing this with a single omnibus statistic, as done with Cronbach's alpha. To enhance clinical comprehensibility, we transformed all IRT scores to have a mean of 100 and a standard deviation of 15.
Psychometric analyses: differential item functioning (DIF)
We used a hybrid ordinal logistic regression-IRT package called difwithpar for DIF analyses (Crane, Gibbons, Jolley, & van Belle, 2006) . Based on preliminary analyses, we found a p-value of 0.03 was sensitive enough to detect DIF for several covariates with sufficient remaining anchor items, so we report results from analyses using this threshold for both uniform and non-uniform DIF. We addressed DIF related to the following covariates: sex, race (African-American vs. white; others were excluded from that analysis), age (B40, 40Á49, and 49 years), CD4 ' nadir (B200, 200Á299 and ]300 cells/mm 3 ), recent substance use (within three months), and HIV transmission risk factor (men who have sex with men [MSM] vs. other). We identified DIF with respect to the unadjusted IRT depression score for each of these covariates. We also identified DIF with respect to all of these covariates at the same time. We present findings of item-level DIF presence with respect to each covariate and the cumulative DIF impact on individuals and groups.
Results
Item responses for the PHQ-9 were available for 1467 participants. Complete item and covariate data were available for 1452 participants (99%). The PHQ-9 was well accepted. The median completion time was 58 seconds (interquartile range 33Á83 seconds; 95th percentile 128 seconds, 99th percentile 177 seconds, and maximum time 199 seconds). Only two individuals complained about the assessment; both endorsed suicidality and objected to the clinical follow-up that resulted from this endorsement. There were no other complaints related to administration of the PHQ-9. Demographic characteristics of study participants stratified by race/ethnicity are summarized in Table 1 .
Eigen values for the first two factors in EFA were 5.35 and 0.37, with a ratio of 14. A single factor CFA model did not fit well; the confirmatory fit index (CFI) was 0.92 (threshold 0.95), the TuckerÁLewis Index (TLI) was 0.89 (threshold 0.95), and the root mean squared error of approximation (RMSEA) was 0.14 (B0.08 for adequate fit, B0.05 for good fit). We used modification indices to inform the specification of empirically guided residual correlations. The largest residual correlation was 0.14. With these empirically guided residual correlations included: CFI was 0.98, TLI was 0.97, and RMSEA was 0.07. We compared the loadings for single factor models with and without residual correlations. Standardized factor loadings on the primary factor ranged from 0.72 to 0.87 for the model without residual correlations and from 0.73 to 0.86 for the model with residual correlations. All differences in item loadings between the two models were less than 0.02. These analyses confirmed previous findings (Cameron et al., 2008; Dum et al., 2008; Hepner et al., 2008; Huang et al., 2006 ) that the PHQ-9 was sufficiently unidimensional to proceed with IRT analyses (see Appendix 1).
The PHQ-9 TCC is shown in Figure 1 . This demonstrates a distinctly curvilinear shape, such that one point difference at the bottom of the standard score scale is associated with a greater difference in depression levels than a one point difference in standard scores in the middle of the scale. The PHQ-9 TIC and SEM curve are shown in Figure 2 .
A histogram of participant scores is shown in Figure 3 . There is a prominent floor effect, as over 40% of the cohort endorsed none of the items of the PHQ-9. Above that level, scores ranged continuously from very mild levels of depression to very severe levels.
Item-level DIF findings are shown in Table 2 . Three of the items had DIF with respect to race; one with respect to age, one with respect to recent substance use; and two with respect to sex. No itemlevel DIF was found with respect to HIV transmission risk factor or CD4 ' cell count nadir. In all, six of the nine PHQ-9 items had DIF with respect to at least one covariate.
Individual-level DIF impact for each of the covariates and for all of the covariates simultaneously is shown in Figure 4 . These box plots demonstrate that the items found with DIF were not associated with a salient amount of DIF impact for any of the 1452 participants.
Group-level DIF impact is summarized in Figure 5 . For covariates other than race, these box plots indicate no particular pattern across groups. However, the box plot indicates that accounting for DIF for African-Americans was associated with scores that were somewhat higher, whereas for whites, accounting for DIF was associated with scores that were somewhat lower.
The effect of DIF on mean depression levels estimated across groups defined by each of the covariates is shown in Table 3 . As anticipated based on Figure 5 , race had the largest impact. Using unadjusted standardized scores, the mean depression score for African-Americans was 6.73 points lower than the mean depression score for whites. Using scores that accounted for DIF, this difference in mean scores was only 5.41 points. The difference between these two values, 1.32 points, or 20% of the observed difference in mean scores between African-Americans and whites, is due to DIF.
Discussion
Using data from a large cohort of individuals with HIV infection, we found that the PHQ-9 was well accepted, as the median completion time was around one minute and all 1467 participants completed the We analyzed this covariate as MSM vs. other to identify items with DIF, though we plot values of cumulative DIF impact for each of these groups separately in Figure 5 . Note: PHQ-9, Patient Health Questionnaire; MSM, men who have sex with men; IVDU, intravenous drug use. Percentages may add up to more than 100% due to rounding.
AIDS Care 877 questionnaire in less than 3.5 minutes. The PHQ-9 has curvilinear scaling properties (Figure 1 ) and varying levels of measurement precision (Figure 2 ). It had a notable floor effect in our clinical setting (Figure 3 ). PHQ-9 items had DIF related to race (three items), sex (two items), substance use (one item), and age (one item) ( Table 2) . This DIF was associated with negligible individual-level DIF impact ( Figure 4) and negligible group-level DIF impact except for race, where 20% of the difference between African-Americans and whites was attributable to DIF ( Figure 5 and Table 3 ).
The finding that the PHQ-9 has curvilinear scaling properties suggests that it may be inadvisable to use standard PHQ-9 scores for several sorts of analyses. For example, the minimal clinically important difference for the PHQ-9 has been estimated to be five points Depression level Expected PHQ9 score Figure 1 . Test characteristic curve for the PHQ-9. Note: This graph plots the most likely standard PHQ-9 score associated with each level of depression. Item response theory scores were transformed to have a mean of 100 and a standard deviation of 15. At the mean level of depression in this cohort (depression level of 100), the expected PHQ-9 score is only two points. This means that the PHQ-9 provides very little discrimination among individuals with very low levels of depression. The sigmoid shape of the test characteristic curve implies that differences between standard scores have different implications depending on the starting value. For example, for individuals with severe levels of depression (standard PHQ-9 scores over 20), the curve is flatter than for individuals with moderate levels of depression (standard PHQ-9 scores over 10). The same five standard score points implies more change in depression for someone whose baseline score was 25 than for someone whose baseline score was 15. Curvilinear scaling has implications for longitudinal analyses (where rates of change are not uniform across levels of depression) and for cross-sectional regression analyses (where a single coefficient is used to describe the relationship between a one-unit change in depression score and some other variable). Note: The black curve shows the amount of measurement precision (''information'') at each depression level. The gray curve shows the standard error of measurement associated with each depression level. The PHQ-9 is characterized by fairly good reliability for individuals with depression levels from 100 to 130, while below 100 the reliability of the instrument is quite limited, and above 130 or so the reliability again begins to diminish. The clinical implication of this finding is that PHQ-9 scores between 100 and 135 or so are characterized by a standard error of five points or fewer, while scores below 100 and above 135 are characterized by larger standard errors. This means those with low levels of depression (B100 points) and high levels of depression (135 points) are measured less accurately than those with moderate levels of depression. These results are to be contrasted with Crohnbach's alpha, which would provide a single omnibus statistic summarizing reliability as if it were a constant across the range of depression measured by the test. Item response theory (IRT) output provides both the point estimate of the individual's score along with the standard error associated with that score. Clinicians should become used to seeing both of these results reported. Note: DIF, differential item functioning; N, non-uniform DIF; U, uniform DIF. Numbers in the ''U'' columns represent uniform DIF findings. Uniform DIF occurs in an item if members of one group are at a consistent advantage or disadvantage for that item relative to another group for every depression level. The numbers shown here represent p values obtained from comparing models that include or exclude the group term or terms. Numbers in the ''NU'' columns represent non-uniform DIF findings. Non-uniform DIF occurs in an item if there is an interaction between depression level, group membership, and expected scores. The numbers shown here represent p values obtained from comparing models that include or exclude the interaction term or terms. All p values less than 0.03 are shown in bold font. (Lowe, Unutzer, Callahan, Perkins, & Kroenke, 2004) . Figure 1 demonstrates that a five-point difference in PHQ-9 scores represents a larger amount of difference in depression levels at the lowest end of the scale than in the middle part of the scale. For individuals with low PHQ-9 standard scores, five points represent a much more salient amount of depression change than for individuals with moderate PHQ-9 standard scores. Curvilinear scaling is also important in the context of longitudinal data analyses (Patten, 2008; Patten & Schopflocher, 2009) . Unless appropriate methods are used (Crane et al., 2008b; Proust, Jacqmin-Gadda, Taylor, Ganiayre, & Commenges, 2006) , using standard scores may lead to biased estimates of rates of change. Using simulated longitudinal data, we have previously shown that failing to account for curvilinearity by using standard scoring resulted in biased estimates of the rate of change compared with an IRT approach that accounts for curvilinearity (Crane et al., 2008b) .
DIF is present in a test item for a covariate if, when controlling for the trait or ability measured by the test, individuals in groups defined by the covariate have unequal probabilities of endorsing the item (Camilli & Shepard, 1994; Holland & Wainer, 1993) . DIF analyses have been the mainstay of bias detection procedures in educational testing for several decades, and have become increasingly common in medical settings.
The analyses of DIF shown here are the most thorough for the PHQ-9 to date. The sample is both large and diverse enough to permit appropriate analyses of several covariates. Prior studies have either analyzed only race (Hepner et al., 2008; Huang et al., 2006) or included data on too few participants for robust DIF analyses (Lamoureux et al., 2009) . In contrast to previous papers that analyzed race (Hepner et al., 2008; Huang et al., 2006) , we found several PHQ-9 items had DIF with respect to race. The DIF impact findings suggest that these items were associated with minimal individual-level DIF impact. For clinicians caring for individual patients, that result is very reassuring, as DIF did not interfere with any particular person's score very much. However, group-level DIF impact findings suggest that 20% of the difference in mean scores between African-Americans and whites was attributable to DIF. For social scientists studying factors associated with depression at a population level, that result suggests the need to use scores that account for DIF rather than naı¨ve scores, since 1/5 of the difference across groups using unadjusted scores was due to DIF.
Several strengths and weaknesses should be kept in mind when considering our findings. The sample is large and diverse, and was a convenience sample recruited from usual clinical care from busy clinics in two cities. The measure was well tolerated so there is minimal missing data. While the sample was diverse with respect to the covariates analyzed here, there were very few study participants who were neither white nor African-American to permit DIF analyses of other race/ethnicity groups. An earlier paper on Figure 4 . Individual-level DIF impact with respect to each of the covariates and with respect to all of the covariates simultaneously. Note: No items had DIF related to substance use, nadir CD4 count, or transmission risk factor. Vertical lines are placed at zero (indicating no DIF) and at '4.5 and Á4.5, indicating the median standard error of measurement (SEM). The first three box-and-whisker plots delineate individual-level DIF impact associated with each of the covariates evaluated in turn, while the last plot delineates individual-level DIF impact associated with all the covariates considered here. The values summarized in the box plots are the differences between the unadjusted IRT score and IRT scores that accounted for DIF associated with each covariate (first three plots) or with multiple covariates (last plot). A difference of zero (the middle reference line) would mean that DIF made no difference for that person.
Large positive values indicate that scores accounting for DIF were higher than scores that ignored DIF, which means that ignoring DIF resulted in underestimates of depression severity. Large negative values indicate that scores accounting for DIF were lower than scores that ignored DIF; thus ignoring DIF resulted in overestimates of depression severity. These box-and-whisker plots are indexed by the median SEM of the PHQ-9 among these participants. Observations outside of91 SEM indicate that a covariate has salient individual-level DIF impact (first three plots) or that the covariates evaluated for multiple sources of DIF considered together have salient individuallevel DIF impact (last plot). DIF in the PHQ-9 evaluated DIF in Asian-Americans and whites (Huang et al., 2006) , and did not find any items with DIF. Since we found several items with DIF related to race in African-Americans and whites while the earlier paper found none (Huang et al., 2006) , it is difficult to be reassured regarding use of the PHQ-9 in Asian-Americans infected with HIV.
In conclusion, the PHQ-9 was well-tolerated in a large and diverse sample of individuals with HIV infection. Standard scores may be used in the care of individual patients, though caution should be exercised when evaluating change over time due to curvilinear scaling. Group-level mean differences between African-Americans and whites may be exaggerated due to DIF. Figure 5 . Group level DIF impact across groups defined by each of the covariates. Note: DIF, differential functioning. In these plots, differences between scores accounting for DIF related to all covariates and the unadjusted IRT scores (depicted in the bottom plot of Figure 3 ) are plotted across groups defined by each of the covariates. The median effect for African-Americans is in the opposite direction of the median effect for whites ( Figure 5 .1). 
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